DISORDER/SETTING

Question 1. What isthe specific clinica disorder to be studied?

Quedtion 22 What are the clinicd findings defining this disorder?

Quedtion 3: What isthe clinical setting in which the test is to be performed?

Question 4: What DNA test(s) are associated with this disorder?

Quedtion 5: Are prdiminary screening questions employed?

Quedtion 6: Isit agtand-donetest or isit one of a series of tests?

Question 7:  If itispart of aseries of screening tests, are dl tests performed in dl instances
(pardld) or are some tests performed only on the basis of other results (series)?

BRCA and Breast/Ovarian Cancer -- Disorder/Setting
Version 2003-6

1-1



DISORDER/SETTING

Question 1: What isthe specific clinical disorder being studied?

Summary

- Exduding non-melanoma skin cancer, breast cancer is the most common form of cancer and
is the second most common cause of cancer deathsin women
= 250,000 women will be diagnosed each year
= 39,400 women will die
= 809,000 person-years of life will be lost
5 t010 percent of breast cancer cases are associated with an autosoma pattern of inheritance,
and one of the causes is known to be mutations in the BRCAL/2 genes
BRCA1/2 mutations are aso associated with ovarian cancer, and for this reason, breast cancer
and ovarian cancer need to be considered together
Women identified with a BRCAL/2 mutation have a predispostion to developing ovarian
cancer and/or early onset breast cancer

The primary dlinicd disorder being studied in this report is breast cancer in women. However,
since this report focuses on testing for mutations in the genes BRCAL (breast cancer gene 1) and
BRCA2 (breast cancer gene 2) that predispose women to both breast and ovarian cancer, ovarian
cancer will dso be reviewed.

Exduding non-meanoma skin cancers, breast cancer is the most common form d cancer among
women in the United States. The American Cancer Society estimates that in 2002 about 203,500
new cases of invasve breast cancer and 54,300 cases of in situ breast cancer will be diagnosed
among women in the United States. (2002) It is estimated that 39,400 women will die of breast
cancer this year, ranking it second among cancer desths in women, exceeded only by lung
cancer. Although not as common as breast cancer, ovarian cancer accounts for nearly 4 percent
of dl cancers among women (23,400 diagnosed cases) and is estimated by the American Cancer
Society to cause 13,900 deaths in 2002. Ovarian cancer has the highest mortdity rate of al
reproductive system cancers in women. The public hedth impact of these two cancersin women
is subgtantia. In 1997, breast cancer ranked second only to lung and bronchus cancer in terms of
persontyears of life lost (809,000), a measure of total burden of a cancer on society. (Brown et
al., 2001) Ovarian cancer ranked ninth, with 232,000 person-years of life lost. Both cancers
ranked higher than lung, colon/rectum, and prostate cancer in terms of average years of life lost
per person (breest 19.3, ovarian 17.2). This is a measure of burden that gives more weight to
cancers that tend to occur in people at reatively younger ages. In terms of financid impact, a
direct cost of trestment of 5.98 billion dollars was noted for breast cancer, based on 1996
Survelllance, Epidemiology, and End Results (SEER) Medicare linked data.

According to a report from the Nationd Cancer Indtitute, it is etimated that about 1 in 8 women
in the United States will develop breast cancer, the grestest risk being for women who live
longer. (Ries et al., 2002) Although quite rare, breast cancer can occur in men, and is estimated
to affect 1,500 men each year. (2002) Most breast cancers occur postmenopausdly in women
over age 50, and the risk is especidly high for women over age 60. While it is uncommon for
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women under age 35 to be diagnosed with breast cancer, the course of the disease is more
aggressve in that age group. There is dso an increased likelihood for an underlying genetic
predisposition, but the data are less clear for women whose cancers occur under age 30 (Question
18).

Numerous risk factors for breest cancer have been identified and include advancing age and
family higtory, as well as other endocrine and environmenta factors. It has been estimated that 5
to 10 percent of breast cancer cases demondrate an autosoma dominant pattern of inheritance.
The cancer susceptibility syndromes most associated with this pattern are hereditary breast and
ovaian cancer due to BRCAL/2 mutations, Li-Fraumeni syndrome due to p53 mutations, and
Cowden syndrome due to PTEN mutations. Most known mutations that increase breast cancer
risk aso appear to increase risk of ovarian cancer and may aso increase risk of other cancers.
For instance, mutations in BRCAL/2 are associated with a 36 to 87 percent lifetime risk for breast
cancer, and a 9 to 66 percent lifetime risk of ovarian cancer. Most of the increased risk of breast
cancer over background in women with BRCAL2 mutations occurs premenopausaly. (2000;
Antoniou et al., 2000; Antoniou et al., 2002; Brose et al., 2002; Easton et al., 1995; Fodor et al.,
1998; Ford et al., 1994; Ford et al., 1998; Hopper et al., 1999; Modehi et al., 2000; Risch et al.,
2001; Satagopan et al., 2001; Schubert et al., 1997, Struewing et al., 1997; Thorladus et al.,
1998; Warner et al., 1999)
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DISORDER/SETTING

Question 2: What arethe clinical findings defining thisdisorder?

Summary

- Physcd findings associated with breest cancer are rdativdy specific and well understood.
Information about this is widdly disseminated. For this reason, many cases of breast cancer
areidentified a an early stage.
Physicad findings associated with ovarian cancer are not apparent in the early stages. For this
reason, many cases of ovarian cancer are identified only at alate stage.
Diagnogs is by biopsy/pathologic examination.  Higtologic grading and tumor daging is
standardized.

Breast cancer

Breast cancer is defined as the presence of a maignant tumor(s) within the breest tissue. These
tumors are made up of groups of abnormd cdls that divide without control or order, and can
invade and damage other tissues and organs. These features disinguish them from a benign
tumor. A definitive diagnoss of breast cancer can be made only after biopsy and pathologicd
examination.

The earliest physicd signs of breast cancer typicdly include:
apdpable lump

thickening, swelling, distortion, or tenderness

skin irritation or dimpling

nipple pain, ulceration, or retraction.

The mdignancy is initidly locdized. It then soreads to surrounding tissues and lymph nodes.
The natural history of breast cancer can be dtered by early detection methods, such as
mammography, and by early trestment, which provides the best hope for totd eradication. A
gandard histologca classfication of the various tumor types has been provided by the World
Hedth Organization. Breast cancers can be further graded (1, 2, or 3 based on leve of
differentiation of the cdls on higologic characterization) and saged based on tumor Sze,
involvement of lymph nodes, and presence of metastases. This grading dlows standardization
for comparison of results of various modes of therapy. Additiona information from results of
testing regarding the presence of estrogen and progesterone receptors, cancer cdl ploidy and
proliferation rate, and testing for the HER2/neu protein dso ads in determining appropriate
treatment.

Epidemiologic data suggest that genetic, endocring, and environmenta factors may be involved
in the initigtion and/or the promotion of breast cancer growth. It is wel known that the risk of
breast cancer increases with age. Important other risk factors include early age at onset of
menarche, late onst of menopause, firg full-term pregnancy &fter age 30, a higory of
premenopausal breast cancer in a mother or sster, and a persond history of breast cancer or
benign proliferative breast disease.
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Ovarian cancer

Unlike breast cancer, dgns and symptoms of ovarian cancer often appear late and are non
goecific (eg., generd abdomina discomfort and/or pain, loss of appetite, nausea, diarrhes,
condipation, frequent urination, weight gan or loss and occasondly vagind bleeding).
Ovarian cancer can be of three types, epithdid carcinoma, germ cdl tumors, or sroma tumors,
depending on the gspecific tissue involved. Epithdia cancer is the most common type. Like
breast cancer, the risk for ovarian cancer increases with age and peaks when women are in their
late 70s. Mogt other risk factors for breast cancer are dso risk factors for ovarian cancer.
Mutations in the BRCAL/2 genes increase the risk of epithelid ovarian cancer. Incressed risk of
germ cdll and stroma tumors has not been demondtrated.

Further Information

Further information about genetic and environmental factors influencing breest and ovarian
cancer can be found in Question 25. More information about the naturd history of breast cancer
and ovarian cancer can be found in Question 26.
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DISORDER/SETTING

Question 3: What istheclinical setting in which thetest isto be performed?

Summary

- Screening adult women in the primary health care setting is chasen for this report
This report does not address women with a persona history of breast/ovarian cancer and does
not congder the Ashkenazi Jewish population as a separate group
Two professond organizations in the U.S. have issued guiddines for breast/ovarian cancer
susceptibility testing
Thefirg step in screening is afamily history questionnaire, followed by risk assessment
Among those identified as being a high risk for carying a BRCAL/2 mutation, pre-test
education and post-test counseling is recommended

The decision to offer and perform BRCAL/2 mutation testing is based on the presence of persond
andlor family risk factors that determine the probability of finding a ddeterious mutation
(Quedion 5). The American College of Medicd Genetics (ACMG) published guiddines in
1999, with a recommended protocol for Breast/Ovarian Cancer Genetic Susceptibility
Assessment to aid hedth care providers. (1999) These guiddines stress the importance of dl the
components of the recommended protocol, including family history risk assessment, pre-test
education and post-test counsding. The dinician may choose to manage al aspects, or may
work in concert with an expert in cancer genetic counsding and risk assessment.  The guiddines
date that risk assessment should begin with egtimating the likdihood of developing breest or
ovarian cancer through a complete persona and three generaion family higory, induding dl
types of cancer and gpproximate age a diagnoss for each affected individua. According to
ACMG, the likdihood of having a mutation in a known cancer susceptibility gene (eg.
BRCA1/2) should be assessed on the basis of number of family members with breast or ovarian
cancer, the closeness of the rdationship to the patient, the ages a diagnoss, and whether or not
an individua isamember of an ethnic group at higher risk for specific mutations.

The ACMG quiddines propose that there is aufficiently increased risk to warrant offering testing
for amutation in the BRCAL/2 gereiif:
- There are three or more affected first or second degree relatives on the same side of the
family, regardiess of age of diagnosis, or
There are fewer than three affected rdatives, but
= the patient was diagnosed at age 45 or younger, or
= afamily member is known to carry a detectable mutation, or
= there are one or more cases of ovarian cancer and at least one relative on the same
sde of the family with breast cancer (at any age), or
= there ae multiple primary or bilaterd breast cancers in the patient or one family
member, or
= thereisbreast cancer in amae reldive, or
= the patient is a increased risk for gpecific mutation(s) due to ethnic kackground (e.g.
Ashkenazi Jewish), and has one or more relatives with breast or ovarian cancer
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In the absence of these persond and family risk factors, the protocol does not recommend further
teting. Before BRCAL/2 mutation testing is peformed, the ACMG guiddines require tha
women at increased risk undergo a process of pre-test education regarding risks, benefits,
dternatives and psychologica/socia impact of testing, so that they can make an informed choice
about whether or not to proceed.

The American Society of Clinicd Oncology (ASCO) published a revised statement on Genetic
Tedting for Cancer Susceptibility. (2003) ASCO recommends that cancer predispostion testing
be offered only when:
1) the individud has persond or family higtory features suggedive of a genetic cancer
susceptibility condition,
2) thetest can be adequatdly interpreted, and
3) the results will ad in the diagnoss or influence the medicad or surgicd management of
the patient or family members a hereditary risk of cancer.

ACMG recognizes the importance of testing an affected member of the family firgt to identify
the familid mutation. In the absence of knowing the mutation associated with cancer, a negdive
tet in an unaffected family member is uninformative. Table 1-1 contains a comparison of the
ASCO and ACMG guiddines with other national guiddines. In generd, there is a high degree
of consstence between the guiddines.

For the purposes of this report, the Ashkenazi Jewish populaion is not being consdered
sepaatdy.  In addition, the focus is on screening women in the generad population without a
persond history of breast or ovarian cancer, usng family higory as the fird screening ted.
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Table 1-1.
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DISORDER/SETTING

Question 4. What DNA test(s) are associated with this disorder?

Summary

- BRCA1 and BRCA2 are large genes with thousands of mutations.
Most BRCA1/2 mutdions are unique, 0 that each family with a defined higory of
breast/ovarian cancer tends to have its own mutation.
Due to the sze and complexity of the genes, expensve and time-consuming gene sequencing
is often necessary
Once afamily mutation is known, less expensive targeted testing can be performed
Full gene sequencing for dinica purposes can only be legdly done in one laboratory in the
U.S,, dueto patent restrictions
BRCA1/2 mutation test results are reported in three categories. deleterious mutation, variant
of unknown dinicd dgnificance, and no deectable mutation (this last category includes
polymorphisms known not to be associated with cancer susceptibility)
Ongoing studies are heping to resolve some of the variants of unknown clinica sgnificance

Background

Severd genes have been identified in which germline mutations are associated with an increased

risk for breast and ovarian cancer.
BRCAL is locdized on chromosome 17g12-21, spans a genomic region of amost 100
kilobases (kb) in length and contains 24 exons. The full-length messenger RNA (MRNA)
is 7.8 kb, encoding a protein of 1,863 amino acids. More than 1,200 mutations and
sequence variations have been detected, and not al mutations have yet been discovered.
BRCA2 has been isolated on chromosome 13g12-13 and is composed of 27 exons
digtributed over roughly 70 kb of genomic DNA, encoding a protein of 3,418 amino
acids. Approximately 1,400 mutations have been reported for BRCA2.

Microinsertions and point mutations are equaly common in the BRCAL gene, whereas
microddletions predominate in BRCA2. Large recurrent rearrangements, ranging from 0.5 to
23.8 kb and spanning the entire BRCAL/2 genes, have recently been discovered. (Montagna et
al., 1999; Nordling et a., 1998; Payne et al., 2000; Petrij-Bosch et al., 1997; Puget et al., 1999;
Puget et al., 1997; Rohlfs et al., 2000; Swensen et al., 1997; Unger et al., 2000) These
rearrangements are not detectable by usud polymerase chain reaction (PCR)-based laboratory
methods (including sequencing and scanning). These rearrangements represent an estimated 10
to 15 percent of al mutations in the generd population (Puget et al., 1999; Unger et al., 2000)
and up to 36 percent in the Dutch population (Petrij-Bosch et al., 1997). The influence of these
rearrangements on clinica vaidity is discussed later (Question 18). Evidence suggests that the
BRCAL2 genes ae tumor-suppressive via regulaion of cdlular proliferaion and DNA
replication and repair. (Holt et al., 1996; Patel et al., 1998; Scully et al., 1997; Scully and
Livingston, 2000; Sharan et al., 1997; Zhong et al., 1999)

Forty-eight different deleterious BRCA1 mutations were found in 102 out of 798 (12.8%)
unrlated  high-risk women. (Shattuck-Eidens et al., 1997) Ovedl, 27/102 (27%) of the
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mutations were 187delAG, 17 percent were 5385insC (commonly referred to as 185ddAG and
5382insC, respectively), and the remaning mutations were found at less than 4 percent
frequency. Founder mutations have been described for different ethnic populations: Ashkenazi
Jewish women are ten times more likdy than non-Jewish Caucasian women to harbor a
185delAG or 5382insC BRCA1 mutation, or a 617ddT BRCA2 mutaion. (Couch and Weber,
1996; Oddoux et al., 1996; Struewing et al., 1997; Tonin et al., 1995) An Ashkenazi Jewish
woman's odds of a deleterious BRCAL1 mutation are more than four fold greater than those for a
non-Jewish Caucasan woman. Other BRCAL/2 founder mutations have been identified in the
Netherlands, Belgium, Norway, France, Sweden, Denmark, Scotland, Eastern Europe, lceland,
and in French-Canada. (Bergthorsson et al., 2001; Johannesdottir et al., 1996; Martin and Weber,
2000; Petrij-Bosch et al., 1997; Thorlacius et al., 1996; Tonin et al., 1998)

Laboratory testing
Current recommendations call for screened women with a greater than 10 percent likelihood of
having a detectable mutation to undergo testing (Questions 5 and 6). Because of patent
redrictions, the only facility legaly authorized to perform sequencing for BRCAL/2 mutations
for use in patient care is Myriad Genetic Laboratories (Sdt Lake City, UT). This laboratory
provides severd types of BRCAL/2 andyses The following ligt prices were in effect in April
2003.
- For family members of an index case with a known mutation, a sngle dte andyss is
provided for that mutation for $325 ($490 for resultsin 10 days).
For others, a comprehensive full sequence determination is provided in both forward and
reverse directions for $2,760 ($4,140 for results in 10 days). Beginning in August 2002,
this andyss dso includes detection of five large recurrent rearrangements. For patients
who have previoudy tested negative by the comprehensive full sequencing, this pand of
rearrangements can be ordered for $325.
For Ashkenazi Jewish individuds, testing is provided for three specific mutations
(187deAG and 5385insC in BRCAL, and 6174ddlT in BRCA2) for $385 ($575 for results
in 10 days). This type of teding can adso be obtaned a other licensed clinica
laboratories in the United States

Polymor phism studies

In an effort to enhance the utilization of BRCAL/2 mutation test results, Myriad Genetic
Laboratories has collaborated with investigators to andyze recurrent variants of uncertain
clinical ggnificance in control populations. Those variants identified in the control population at
a frequency of two percent are recdlassfied to polymorphisms of no dinicd sgnificance
Amended reports are issued for dl patients whose interpretation changes. This ongoing effort
continues to reduce the number of indeterminate test results.

Family member testing for uncertain variants

In order to further characterize variants of uncertain clinicad dgnificance, Myriad Genetic
Laboratories will test additiond rdatives of the proband for the specific variant identified, in
order to determine whether it is co-segregating with cancer in her or his family. This adyssis
offered without charge to ether parent of the proband, any relaive with invasve breast cancer
diagnosed before age 60, and any relative diagnosed with ovarian cancer or mae breast cancer a
any age. Hedth care providers are given a report with the test result that outlines the option of
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testing additiond family members. This report summarizes additiond information about the
uncertain variant, such as the totd number of observations, the most common ancesry of the
patients, the number of different deleterious mutations seen in the same gene, and whether the
variant does not co-segregate with cancer in a least two families. In generd, variants that are
observed with ddeterious mutations in the same gene, and/or do not consstently co-segregate
with cancer, are more likely to be of limited dlinical Sgnificance than to be deleterious.

Changing the status of a mutation
An uncertain variant can be reclassified as a polymorphism of no clinical sgnificanceiif:
= jtisfoundin two percent of a control population, or
= jt is found in equa or greater percentage of a control population, and it does not co-
segregate with disease in multiple families, and/or it has been seen with a deeterious
mutation in the same gene, or
» it has been shown to have no dinica significance in an asociaion sudy.
An uncertain variant can be reclassfied as a deleterious mutation if:
» it hasbeen qatisticaly linked to cancer in afamily, or
= jt is an evolutionarily conserved amino acid and the mutant amino acid is chemicdly
different from the wild-type amino acid.
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DISORDER/SETTING

Question 5. Areprdiminary screening questions employed?

Summary
- Prdiminary screening questions are employed among women in the genera population for

the following reasons:

=  BRCAL/2 mutetions are uncommon

= financid cods of gene sequencing are high

= if an unsdected populaion were to be tested, variants of uncertain clinical sgnificance
would be far more frequent than pogitive test results

= modes have been developed to quantify the probebility of identifying a BRCAL/2
mutation

= guiddines from professond organizations include the types of screening questions and
definitions of risk sufficient to warrant consderation of testing

The rdiability of family higory quedtionnaires for breast cancer has not been adequately

vdidated. Summary estimates are;

= gengtivity ranging from 83 to 95%

= goecificity ranging from 93 to 99%

= postive predictive vaue ranging from 83 to 99%

= negdtive predictive value is gpproximately 98%

Data on the rdiability of family history questionnaires for ovarian cancer are limited.

The rdidbility of family higory questionnares for identifying candidaes for BRCAL/2

testing has not been vdidated in the general population for either breast cancer or ovarian

cancer

Rationalefor preliminary screening questions

Although breast cancer is rdaively common, only a smal proportion of such cases (Quegtion
18) is associated with mutations detectable by direct sequencing of the BRCAL/2 genes. This
factor, combined with the high cost of testing, provides the ratiionde for preiminary screening
questions to identify appropriate candidates for genetic predigpostion testing (Question 3). The
am of teding for BRCAL/2 mutations is to prevent the morbidity/mortdity associated with breast
(or ovarian) cancer by providing information to a population of high-risk individuds, so tha
informed decisons can be made regarding specific risk-reducing activities (Question 29). The
aeas queried include persond history of breast and/or ovarian cancer, age a diagnoss, family
history of breast and/or ovarian cancer and age(s) at diagnoss, menopausal status, and whether
the individua to be tested is Ashkenazi Jewish (Question 3). BRCAL/2 sequencing is not
performed on ndividuas under 18 years of age except in unusua circumstances, as described by
the American Society of Clinicd Oncology (ASCO). A staement adopted by ASCO in 1996
recommended that breast/ovarian cancer predispostion testing be offered only in the setting of a
"grong family history of cancer or very early age of onsat of disease’, further defined as a least
a 10 percent probability of having a BRCAL/2 mutation. (1996) This threshold, though based on
expert opinion, is arbitrary and subject to professiond interpretation.
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A caveat of BRCAL/2 mutaion tesing is tha varants of unknown dinica dgnificance are
identified in gpproximatdy 13 percent of dl samples undergoing full sequencing. (Frank et al.,
2002) Asuming that these variants are found in the same proportion of the genera population,
the number of these indeterminate test results would greatly surpass the number of deleterious
mutations, if screening questions were not utilized.

Models used to predict risk for carryinga BRCAL/2 mutation

BRCAL/2 ae autosoma dominant genes, meaning that mutations can be inherited equdly from
the mother's or father's gde of the family. Thus family hisory and persond dissase higtory
increase the probability of finding a BRCAL/2 mutation in a woman. A possible hereditary risk
of breast/ovarian cancer should be consdered, if a family includes two or more women with
breast cancer a an early age of onset (usually before age 50) and/or ovarian cancer a any age.
(Armgtrong et al., 2000; Frank et al., 1998) Racelethnicity is dso a consderdion (i.e, the
mutation prevalence is known to be increased among Ashkenazi Jewish woman). An older age
at diagnosisis associated with alower risk of finding a BRCAL/2 mutation.

Modes have been developed to determine an individud’s a priori risk of carying a BRCAL/2
mutation or to assess risk of breast cancer. Two models were developed to predict the
probability of a BRCAL mutation, though neither has been vdidated. (Berry et al., 1997, Couch
et al., 1997) An extended modd has subsequently been developed to predict the probability of
both BRCAL1 and BRCA2 mutaions. (Parmigiani et al., 1998) This model has been developed
into a computer program (BRCAPRO). BRCAPRO incorporates the autosoma dominant
Mendelian characteristics of the genes, published prevalence and penetrance of BRCAL/2
mutations, and Bayesian methods. (lversen et al., 2000) This progam has been vdidated in a
population at high risk for breast and/or ovarian cancer. (Berry et al., 2002; Euhus et al., 2002)
Empiric data from BRCAL/2 mutation testing a Myriad Genetic Laboratories have been used to
model the probability that an individud caries a BRCAL2 mutation. (Frank et al., 1998;
Shattuck-Eidens et al., 1997) Empiric models for predicting breast cancer risk have adso been
developed. (Claus et al., 1994; Gail et al., 1989; Houlston et al., 1992) Each of the above-lised
models has strengths and weaknesses and is gppropriate for use in certain settings.  These modeds
are reviewed in a recent publication. (Domchek et al., 2003) In addition, other methods are
utilized in the clinicd setting to assess risk of breast cancer and/or risk of carrying a BRCAL/2
mutetion, including check lists provided by insurers or Myriad Genetic Laboratories. (Mackay,
1997) Women may be placed in different risk categories, depending on the method used to
esimate risk. (Domchek et al., 2003; Tischkowitz et al., 2000) Given the current status of these
models, it is important to involve an experienced hedth professond (eg., a genetic counselor) to
interpret risk estimates and provide counseling regarding BRCA1/2 mutation testing.

An example of data upon which these models are based is depicted in Table 1-2. The odds ratios
of carying a deeterious BRCA1 mutation ae derived from a logidic regresson modd.
(Shattuck-Eidens et al., 1997) According to Table 12, each year added to the age a diagnosis
decreases the risk by 8%. As evidence of this effect, among a populaionbased sample of
women under 35 years of age with breast cancer, unsdected for family history, 6 of 80 (7.5%)
had BRCA1 mutations. (Langston et al., 1996) Similar results were seen in another study, where
13 percent of women with very early onset breast cancer, and without a strong family history,
had BRCA1 mutations. (FitzGerdd et al., 1996) Both of these findings are higher than the
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expected 4 to 5% of BRCA1 mutations among women with breast cancer under age 55 in a
generd population. (Question 18).

Example of computing therisk of carrying a BRCA1 deleterious mutation

“The log odds (L) of an individual carrying a deleterious mutation is estimated by the
following equation: L = -0.08a + 1.41b + 0.0c + 1.29d + 2.08e + 3.39f + 1.68g + 0.31h +
1.06i + 1.68), where a is the age at diagnosis of breast and/or ovarian cancer; bis 1 if a
patient is of Ashkenazi descent, O otherwise; c is 1 if the patient is diagnosed with
unilateral breast cancer but not ovarian cancer, 0 otherwise (coefficient of c in the
equation is 0 since this case is used as baseline, and it is included for completeness); d
is 1 if the patient is diagnosed with bilateral breast cancer but not ovarian cancer, 0
otherwise; e is 1 if the patient is diagnosed with unilateral breast cancer and with ovarian
cancer, 0 otherwise; fis 1 if the patient is diagnosed with bilateral breast cancer and with
ovarian cancer, 0 otherwise; g is 1 if the patient is diagnosed with ovarian cancer but not
breast cancer, 0 otherwise; h is number of relatives with breast cancer, but not ovarian
cancer; i is number of relatives with ovarian cancer, but not breast cancer; and j is
number of relatives with breast and ovarian cancer. The intercept was estimated to be
0.” (Shattuck-Eidens et al., 1997) The probability that an individual carries a BRCA1
mutation is: p = exp(L)/[1 + exp(L)]

Woman with a personal hisory of cancer Using the modd described above, a 50 year old
woman diagnosed with ovarian cancer and who has one rdative with bresst cancer is computed
to have an 11.8 percent probability of having a deeterious BRCAL1 mutation. (-2.01 = -0.08[50]
+1.68[1] + 0.31[1] and 0.118 = exp[-2.01]/[1 + exp(L)])

Woman without a personal history of cancer A woman with no persond history of breast or
ovarian cancer who has 3 relaives with breast cancer and 1 reative with ovarian cancer is
computed to have an 88 percent probability of having a ddeterious BRCAL mutation. (1.99 =
0.31]3] + 1.06[1] and 0.88 = exp[1.99]/[1 + exp(L)])

Table 1-2. Risk factorsand Odds Ratiosfor Carryinga BRCAL Deleterious Mutation

Risk Factor Odds Ratio (95% CI)

Bilateral breast cancer with ovarian cancer 109 (54 to21.8)
Unilatera breast cancer with ovarian cancer 80 (50 to12.9)
Ovarian cancer but not breast cancer 54 (3.2 to 9.0)
Each relaive with breast and ovarian cancer 53 (34 to 85)
Ashkenazi descent 40 (29 to 5.8)
Bilatera breast cancer but not ovarian cancer 3.7 (25 to 5.3
Each relative with ovarian cancer but not breast cancer 29 (22 to 3.7)
Each relative with breast cancer but not ovarian cancer 14 (1.2 to 1.6)
Proband's age at diagnosis of breast and/or ovarian cancer 0.82*

From (Shattuck-Eidens et al., 1997)
* Each year added to the age at diagnosis decreases the risk by 8%
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Gap in Knowledge: Validation for specific models predicting BRCAL1/2 risk.
Although some studies have compared the risks predicted by different models, no study
has compared the predicted risk for specific selected family histories versus the
observed proportion of positive mutation studies found by Myriad Genetic Laboratories.

Accuracy of family history information — breast cancer

Accuracy of family higory information for bree cancer has been invedigated and is
summarized in Table 23. Four of the sx studies included only breast cancer patients or women
who had been referred to a cancer genetics clinic.  Accuracy of family history of breast cancer in
the genera population was assessed in the remaining two sudies through the use of controls.
These data are of limited use because sengtivity and specificity were not assessed in one study,
and persond interview data were compared with those in a population database in the remaining
gdudy. This methodology is likdy to underestimate senstivity (the individud does indeed have
cancer, but is not included in the regidry). It would dso likely result in the specificity being
overesdimated (some individuals not reporting cancer and not in the registry, do indeed have
cancer, but were not included in the registry). Incorrect matching could result in over- or under-
edimation of sengtivity and specificity. A sngle dudy edimaed sengtivity and specificity by
verifying reported cases of breast cancer with ether pathology reports/clinicd records, sdf-
reports from the affected and non-affected relatives of the proband, or death certificates.
Sengtivity refers to the proportion of reported cases of breast cancer among al cases.  Sendtivity
reported in two studies ranges from 83 to 95 percent. Specificity refers to the proportion of
women reported not to have breast cancer among dl those who do not have breast cancer.
Specificity reported in three studies ranges from 93 to 99 percent. Podtive predictive vaue is
the proportion of women confirmed to have breast cancer among al those reported to have breast
cancer. The postive predictive values ranged from 83 to 99 percent. Negetive predictive vaue is
the proportion of women without breast cancer among al those reported to not have breast
cancer. This was assessed by studies 4 through 6 only. These studies reported a negative
predictive value of approximately 98 percent. Figure 1-1 shows the impact of usng a family
higory quedionnaire in the screening process for identifying women a increased risk for
carying BRCAL/2 mutations. The following caveat should be consdered. These edimates are
based on the total number of reported cases, not on the number of individuas reporting cases.
For example, if 35 women each correctly reported one first-degree relative with breast cancer but
collectively failed to report two other cases, the sengtivity would be 95 percent (35/37). If these
same 35 women each correctly reported two firgd-degree relatives with breast cancer but
collectively failed to report 10 cases, then the sensitivity would be 88 percent (70/80).
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Table 1-3. A Summary of Studies Reporting Validation of First-degree Family History of
Breast Cancer

Positive Negative
Reference Sensitivity Specificity Predictive Value Predictive Value
Number (%) Number (%) Number (%) Number (%)

1 N/A N/A N/A N/A 78/83 94.0 N/A N/A
2 N/A N/A N/A N/A 107/115  93.0 N/A N/A
3 N/A N/A 100/101  99.0 166/167 99.4 N/A N/A
4 188/197 954  850/873 974  188/211 89.1  850/859 989
5 53/58 914  364/370 984 54/60 90 364/369  98.6

6 29/35 829  274/296  92.6 29/51 83.0 274/280 97.9

N/A = Not Avallable
Reference: 1 (Love et al., 1985), 2 (Parent et al., 1995), 3 (Theis et al., 1994), 4 (Ziogas and Anton-
Culver, 2003), 5 (Anton-Culver et al., 1996), 6 (Kerber and Sattery, 1997)

Sudy 1. Wisconsin: Love et al. One hundred and twenty-one sdf-referred patients visting a
cancer prevention clinic a the Universty of Wisconan provided a detailed history of cancers
occurring in firg-, second-, and third-degree reatives. Veification of a postive cancer family
hisory was done by reviewing pathology and operative reports, hospitd admisson and discharge
summaries, death certificates, and autopsy reports  Veification of negatlive cancer family
higory was not performed, thus sendtivity and specificity could not be cdculated. Participants
were correct in 91 percent (143/157, 95% Cl 85.5-95.0%) of the cases for dl reatives in whom
they reported breast as the primary site, 94 percent (78/83, 95% CI 86.5-98.0%) of the cases in
fird-degree relatives, and 88 percent (65/74, 95% CI B.2-94.3%) of the cases in second- and
third-degree rlatives.

Sudy 2. Canada: Parent et al. reported 414 French-Canadian women recently diagnosed with
primary breast cancer and 429 age-matched populationtbased controls, al of whom provided
information on relatives affected with any type of cancer. A totd of 105 women (68 cases and
37 controls) reported a history of breast cancer in a least one firs-degree relative. The accuracy
was confirmed via pathologica records. Cases correctly reported 74 out of 81 fird-degree
relatives with breast cancer (poditive predictive vaue of 89 percent - 95% CI 83.0-96.4%), while
controls were correct in 33 out of 34 (postive predictive vaue of 97 percent - 95% Cl 84.7-
99.9%). The overdl pogtive predictive \elue was 93 percent (95% Cl 86.8-97.0%). Senstivity
and specificity were not assessed.  Overdl, 11 percent of reports contained errors of more than
five yearsfrom the red age at diagnoss.

Sudy 3. Canada: Thes et al. reported on 165 breast cancer patients in a Toronto hospita who
provided family cancer higtories in firs- and second-degree relatives. Of the 186 reported cases
of breest cancer in fird-degree rdatives, 167 records were obtained. Confirmation of this
diagnosis was made in 166 cases (posgtive predictive vaue of 99.4 percent - 95% Cl 96.7-99.99).
In second-degree reatives, 33 of 39 reported breast cancer cases were correctly identified
(pogitive predictive value of 84.6% - 95% Cl 69.5-94.1). Specificity was assessed by randomly
sampling 100 fird-degree relatives reported as cancer-free. None of these relatives appeared in
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the Ontario cancer registry and were assumed to not have cancer (specificity = 99 percent, 95%
Cl 94.6-99.98%). Data for ovarian cancer were sparse. Only two cases were reported and had
records obtained. Both cases were confirmed.

Sudy 4. California: Ziogas et al. studied 670 cases of breast cancer in Orange County,
Cdifornia.  Of these cases, 638 were population-based and 32 were clinic-based. Eight mde
breast cancer cases are included. Validation of family history of breast cancer was done by
comparing data obtained by persond interview with pathology reports (474), sdf-reports (777),
or death certificates (2142) on the rdatives. The sengtivity of the case individuds report of
ther fird-degree relatives histories of breast cancer was 95.4 percent (95 percent Cl 92.6-
98.3%). The specificity was 97.4 percent (95 percent Cl 96.4-98.4). Of the 211 cases of breast
cancer reported in the interviews, 188 were confirmed by one of the reference standards (positive
predictive value of 89.1 percent (95 percent Cl 84.1-93.0%). Predictors of false negative reports
of breast cancer were age greater than 70 years, and reports of cancer in 2" and 3 degree
reatives. Predictors of fase pogtive reports were not broken down by proband cancer type. For
al cancers combined, fase postives were more likely to be reported by maes and clinic-based
probands

Sudy 5. California: Anton-Culver et al. vdidated family history of breast cancer reported by
359 breast cancer probands in Orange County with data contained in a cancer registry. This
cancer regigry is one of the ten in the Cdifornia Cancer Reporting Sysem and meets dl
reporting requirements of the Surveillance, Epidemiology, and End Results program of the
Nationad Cancer Inditute. Ascertainment of cases has been shown to be 97 percent complete.

Usng the cancer registry as the standard, the sengtivity of the persona interview data on breast
cancer history in mothers and sisters was 91.4% (95% CI 81.0-97.1). The specificity was 98.4%
(95% ClI 96.5-99.4). Of the 59 cases of breast cancer reported in the interview, 53 were
confirmed by the registry (PPV=89.8%, 95% Cl 79.2-96.5).

Study 6. Wah: Kerber and Sattery reported on 881 cases and controls from the Diet, Activity,
and Reproduction in Colon Cancer study. (Kerber and Slattery, 1997) Of these, 331 (37.6%)
could be linked to the Utah Population Database (UPDB), which contains genedogic and cancer
information. The proportion of the Utah population in the UPDB fdls from about 60 percent
between 1920 and 1934 to just over 30 percent by 1960. A comparison was made between sdlf-
reporting of family history of breest cancer and data in the UPDB. Sengtivity and specificity for
firg-degree relative reporting of breast cancer were 82.9 percent (95% Cl 66.4-93.4%) and 92.6
percent (95% CI 89.0-95.3%), respectively. Sengtivity and specificity were dightly higher in
cases (84.6 and 95.5%, respectively) than in controls (81.8 and 90.8%, respectively). Of the 51
caes of breast cancer reported by participants, 29 were confirmed by the UPDB (postive
predictive value of 56.9 percent, 95% Cl 42.2-70.6). The postive predictive vaue for reporting
breast cancer cases was 68.7 percent in cases and 51.4 percent in controls.

Sudies not Included: Ancther gudy utilized family higory information from 408 confirmed
family cancer case notes in two regional cancer genetics departments.  Information from cancer
regidries, death certificates, hospita notes, and histopathological records were used to confirm
reported family history of breast cancer. (Douglas et al., 1999) The accuracy of breast cancer
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family higory was 94 percent. Veification of negative history was not reported. Because no
raw numbers or other data were given, this sudy could not be combined with those in Table 1-2.

Two gudies have reported the vdidation of a personad higtory of cancers. In the firg, the
vdidity of sdf-reported breast cancer diagnoss (personal history) was compared with
population-based cancer regisiry data in 65,582 men and women aged 39 to 96 years, who were
participants in the Cancer Prevention Study Il Nutrition suvey. (Bergmann et al., 1998)
Sengitivity was 91 percent (779/853, 95 percent Cl 89.2-93.1%) and specificity was 99.8 percent
(64,587/64,729, 95 percent Cl 99.7-99.8%) in breast cancer persona history reporting. Postive
predictive value was 84.6 percent (95 percent Cl 82.1-86.9%). The second study validated sdif-
reported cancers from the Cdifornia Teachers Study with the Cdifornia Cancer Regidry.
(Parikh-Patel et al., 2003) Of the 121,196 teachers included in the udy, 3,103 were found in
the registry to have breast cancer. Only 2,991 of these teachers reported a persona history of
breast cancer (sendtivity = 96.4%, 95% Cl 95.6-97.5). Among the 118,093 teachers who did not
have a breest cancer found in the regidry, 115849 reported a negative persona history
(specificity = 98.1%, 95% CI 98.1-98.2); the remaining 2,244 fasdy reported a positive persond
history of breast cancer. The podtive predictive vaue was 57.1 percent (95 percent Cl 55.8-
58.5) and negative predictive vaue was 999 percent. The only datigticdly dgnificant predictor
of accurate reporting was age of less than 45 yeas An additiond datisticaly sgnificant
predictor of false negative reports was in situ stage of cancer at diagnosis (OR = 8.22, 95 percent
Cl 5.4-12.5).

Gap in Knowledge: Reliability of Sensitivity and Specificity of Family History
Questionnaires. Data provided in Table 1-3 show heterogeneity in estimates of
sensitivity and specificity. Data from studies 4 and 5 are based on the assumption that
cancer registries are 100% accurate. This is unlikely to be true. Incomplete
ascertainment will likely cause sensitivity to be underestimated (the individual does
indeed have cancer, but is not included in the registry). I would also likely result in the
specificity being overestimated (some individuals not reporting cancer and not in the
registry, do indeed have cancer, but were not included in the registry). Incorrect
matching could result in over- or underestimation of sensitivity and specificity.
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Figure 1-:1. Predicted Screening Performance of a Protocol Usng Family History of Breast
Cancer for Identifying Women at Increased Risk for Carrying BRCA1/2 Mutations.

10,000 women who are being asked
about their family history

'S N

620 women report afirst-degree 9,380 report no first-degree
family history of breast cancer family history of breast
cancer
590 correctly 30 incorrectly 9,320 correctly 60 incorrectly
identified with identified with identified with no identified with no
breast cancer breast cancer breast cancer breast cancer

Assumptions.  Prevalence of family history is 6.2% (Question 19, Appendix A)
Sengtivity of family history questionnaire is 91%.

Accuracy of family history information — Ovarian cancer

Limited deta are avalable regarding the vaidation of ovarian cancer family hisory. Vaidation
of family hisory of ovarian cancer was done by comparing data obtaned from persond
interview with pathology reports, sdf-reports, or death certificates on the reatives. (Ziogas and
Anton-Culver, 2003) Sengtivity and specificity for firg-degree relative reporting of ovarian
cancer were 83.3 percent (95 percent Cl, 68.6-93.0%) and 98.9 percent (95 percent Cl, 98.1-
99.5%), respectively. The podtive predictive value was 76.1 percent (95 percent Cl, 61.2-
87.4%). Sdf-reporting of family hisory of ovarian cancer was compared to genedlogic and
cancer information in the Utah Population Database. (Kerber and Slattery, 1997) Sengtivity and
specificity for firs-degree relative reporting of ovarian cancer were 60 percent (95 percent Cl,
14.7-94.7%) and 97.6 percent (95 percent Cl, 95.2-98.9%), respectively. The postive predictive
value was 27.3 percent (95 percent Cl, 6.0-61.0%). A dudy in the UK utilized information from
cancer regidries, death certificates, hospital notes, and histopathological records to confirm
reported family history of ovarian cancer. (Douglas et al., 1999) The pogtive predictive vaue of
ovarian cancer family history was 83 percent. Verification of negative history was not reported.
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DISORDER/SETTING
Question 6. Isit astand-alonetest or one of a series of tests?

BRCA1/2 mutation testing is the second of two tests in a series.  Screening questions pertaining
to persond and family history of breast/ovarian cancer, age a diagnoss, ethnicity, and the
woman's age are used as the first step in assessng a paient’s risk for breast cancer. If the
responses to these questions confer a 10 percent or higher risk of carrying a BRCA1/2 mutation,
then DNA andyss for breast/ovarian cancer predisposition is the second test of this series (see
Quedtion 5 for risk modding). In some ingances, if a dngle- or multi-Ste andyss is negaive
for a mutation, comprehensive full-gene sequencing may be done as a reflexive tes. Quetion 5
ligts the reasons for why a preiminary screening question is necessary. About haf of the women
with a BRCAL/2 mutation will have a postive family higtory (Question 18 and 19).
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DISORDER/SETTING

Question 7. If it ispart of a series of screening tests, are all tests performed in all instances
(parallel) or are sometests performed only on the basis of other results (series)?

Breast/ovarian cancer predispostion testing for BRCAL/2 mutations is usudly peformed when
family higory screening questions provide an indication (10 percent or greater risk of carrying a
mutation - Question 5). Thus, the screening questions and DNA tests are done in series. If a
dnge- or multi-Ste andyss is negaive for a mutation, full gene sequencing can be done as a
reflexive test.
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